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Abstract 
Ensuring the availability of tools in the dynamic production environment requires the optimization of decisions regarding tool 
provision. In industrial reality, choosing the storage area and the tool state as part of an optimal tool storage strategy is rather based 
on experience than on a systematic approach. Thus, the first purpose of this paper is to identify relevant factors and their possible 
specifications influencing the choice for the tool storage strategy. This is followed by an analysis of the influence on the choice for 
the storage area. This analysis is the first step of the systematic approach for deriving an optimal tool storage strategy. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The trends towards higher product variety and shorter 
product lifecycles increase the requirements for tool 
management since a higher tool variety as well as frequent tool 
changes are necessary. Tool management deals with all 
company activities that are involved in the handling of tools, 
such as tool storage, tool assembly, tool presetting and 
measuring, tool provision, tool disassembly, tool 
reconditioning and tool disposal [1]. Due to its cross-sectional 
character, tool management is responsible for up to one third of 
the production costs [2]. Providing the right tool at the right 
time at low cost in a high quality is the goal of tool 
management. This is crucial for ensuring a stable and efficient 
production process. 
One important aspect of tool provision is to guarantee the 
tool`s availability for production, which is – according to a 
study conducted by Leinhäuser [3] – the most important sub 
goal of an optimal tool management. Usually there is a 
centralized tool depot providing the tools. In this centralized 
area, the tools as well as other equipment necessary for 
production, such as measuring devices, are stored. 
Additionally, the worker assembles, presets, measures and 
disassembles the tools there. 
Tools can also be stored locally for a group of machines 
respectively a production line or in the individual machine. 
Furthermore, concerning the state of the stored tool it can be 
distinguished between storing the individual tool components 
and storing the assembled tool. 
As of today, there are few approaches focusing on the issue 
of optimizing the tool cycle. Among others, first approaches 
especially address the structuring and the integration of 
computers in the tool cycle [4, 5, 6, 7, and 8]. Aspects 
frequently neglected in research are the identification of the 
optimal tool storage area as well as the tool state. Additionally, 
dynamic data such as the current tool storage area are not 
considered. Recently, for recording the data the integration of 
identification technologies such as Radio Frequency 
Identification (RFID) is discussed [9, 10, 11, and 12]. 
Frequently, they focus on the data collection and not on the 
analysis. However, analyzing the data is essential for 
optimizing the tool cycle. First approaches in this area already 
exist. Rochow et al. [13] exemplarily develop a mathematical 
model to determine the minimum number of tools required for 
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production by relating the appropriation delay and the stock 
inventory. However, different storage areas as well as tool 
states are not considered. Saygin [11] also does not distinguish 
between different storage areas. Instead, they focus on 
optimizing the inventory level in general by the usage of RFID 
technology. Decisions about the storage area and the tool state 
are rather based on experience than on a systematic approach. 
However, such a systematic approach is required because 
conflicting goals such as availability and low inventory have to 
be optimized simultaneously to reduce the overall costs. 
Thus, the first purpose of this paper is to identify all relevant 
factors and their possible specifications influencing the choice 
for the tool storage strategy. To do so, various types of data are 
evaluated. In addition to the frequently considered static and 
quasi-static data, dynamic and tracking data are taken into 
account, such as the tool`s current as well as its past locations 
and throughput time shares, which are available through the 
usage of identification technologies such as RFID. In a second 
step, their influences on the tool state as well as the storage area 
are examined. The analysis serves as the basis for deriving the 
optimal tool storage strategy and is thus the first step of a 
systematic approach. 
2. Fundamentals 
In a machining environment tools are production resources 
which directly or indirectly by means of additional devices 
reshape workpieces by changing their form, size, surface or 
structure [14]. Mostly, several tools are needed for the 
transition of the workpiece from the initial to the final state. All 
these tools have to be managed in a way to optimize the 
company goals. As explained, tool management deals with all 
company activities that are involved in the handling of tools 
such as tool storage, tool assembly, tool presetting and 
measuring, tool usage, tool disassembly, tool reconditioning 
and tool disposal [1]. 
2.1. Tool provision 
The general tool flow is shown in the following figure. In 
reality, the flow is more complex and can include several sub-
cycles, external processing stations etc. 
 In the storage area, the tools are stored, the stock is 
managed and the tools needed for an order are picked and 
transported to the preparation area, where the tools are 
assembled, preset and measured. The prepared tools are – 
usually by means of a transport cart – transported to the 
machine where they are used to process the workpiece under 
defined cutting conditions. After usage, the tools are checked, 
disassembled and treated if necessary. Afterwards, the tools are 
returned to the storage area.  
Tool provision comprises several functions, which strive for 
optimizing these goals simultaneously. It can roughly be 
distinguished between planning, scheduling and executing 
functions. Planning functions include the definition of an 
optimal range of tools as well as the assurance that the tools are 
available if needed. Assigning the tools to the order and 
determining the time of tool usage is part of the scheduling 
functions. The execution functions comprise the definition of 
the tool flow outside as well as the tool usage respectively the 
tool flow inside the machine [15]. 
Tool provision strives for optimizing several goals such as 
[15]: 
• Low tool consumption 
• Adherence to order schedules 
• Low tool inventory 
• Low cycle times of the tools 
• High capacity utilization of all stages in the tool cycle 
• High availability of the tools 
These goals are partially contradictory. A low tool inventory 
and low cycle times of the tools for example decrease the 
adherence to order schedules, the capacity utilization and the 
availability of the tools. For finding an optimal solution, the 
conflicting goals have to be balanced.  
2.2. Storage strategies 
The number of tools has to be sufficient to satisfy the 
demand to guarantee the adherence to order schedules and a 
high availability of the tools. However, the inventory level 
should be as low as possible to lower the capital commitment 
costs, and to enable low cycle times as well as a high capacity 
utilization. In practice, several approaches exist for 
simultaneously optimizing these goals. One approach is to 
choose the optimal storage area. Frequently the tools are stored 
in a centralized tool shop. This concept has several advantages. 
First, there is the possibility of using the same tools for different 
production lines respectively of storing tools for several 
production lines in one central area. Secondly, there is no need 
for storing space in the production line. However, this concept 
includes high effort in transportation and possible waiting 
times at high workload. The tools can also be stored locally at 
a production line, a group of machines, a single machine or in 
a tool magazine. Advantages of storing the tools in a local area 
are the high availability of the tools as well as the low 
transportation effort. However, the local storage area needs 
space in the production line. Additionally, and most 
importantly, storing the tools locally increases the overall 
number of tools since they are bound to a production line, a 
group of machines, a single machine or a tool magazine and 
there has to be a safety stock for each tool in each storage area. 
Instead of focusing on one of these concepts, a combination is 
reasonable to profit from the advantages of both concepts. 
Fig. 1: Tool provision cycle 
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Thus, different locations have to be taken into account when 
optimizing the tool provision cycle instead of generally 
referring to the storage area as one single place. This is 
visualized in the following figure, which is derived from figure 
1 but considers different storage locations. In this figure, the 
generalized term “storage” is split into “centralized tool shop”, 
“localized storage area” and “magazine”. 
The decision for the optimal storage area is influenced by 
various factors, which are the focus in this article and are 
addressed in the next section. 
3. Factors influencing the choice for the tool storage 
strategy 
First, the choice for the tool storage strategy depends on the 
production type. It can be distinguished between one-off 
production, small batch production, batch production and mass 
production. In this paper, the focus is on one-off production, 
small batch production and batch production since they have a 
high variety of a small to medium number of tools due to the 
need for flexible production systems [15]. The produced goods 
are normally the same but can also vary significantly according 
to the customer specification. The machines are aligned either 
in a workshop or in a linear production. 
Considering these restrictions, several factors influencing 
the optimal tool storage strategy as well as the tool state are 
identified based on various research projects in the field of tool 
management as well as through expert discussions. Concerning 
the type of the data, these factors can be classified in static, 
quasi-static, dynamic and tracking data. Static data does not 
change during the tool’s life cycle. Quasi-static data may 
change several times. They are constant over limited periods 
and usually change after using the tool for definable parts of an 
order or the entire order. Dynamic data is processing time 
dependent and thus may change continuously (e.g. residual tool 
life and residual value during tool usage). Tracking data enable 
a spatial and temporal tool allocation. Frequently, quasi-static, 
dynamic and tracking data are summarized. However, in the 
following it is distinguished between all four types to know 
how often the data change and therefore how often they have 
to be captured. The classification into these data is necessary to 
determine how often the data have to be recorded respectively 
updated. Each time a change in data is determined, the choice 
for the tool storage strategy has to be updated. Ideally, this 
should be done automatically, e.g.  by the use of identification 
technology for determining the tracking data. 
 The following table respectively morphologic boxes 
provide an overview of the relevant data for choosing an 
optimal tool strategy and their specifications. 
 Table 1. Morphologic box of the static data. 
Data Specifications 
Diameter No special 
storage 
locations/devices 
are needed 
Special storage 
locations/devices 
are needed 
Length No special 
storage 
locations/devices 
are needed 
Special storage 
locations/devices 
are needed 
Weight Several tools of 
this type can be 
carried by hand 
A tool trolley is 
necessary for 
transporting the 
tools  
Additional 
transportation 
equipment is 
necessary 
Table 2. Morphologic box of the quasi-static data. 
Data Specifications 
Bound to order Bound to order Not bound to 
order 
Availability 
after current 
order 
The same 
follow-up order 
in sight 
Another follow-
up order in sight 
No follow-up 
order in sight 
Frequency of 
use (for the 
same or 
different 
orders) 
Single use or use 
with little 
number of 
repeats 
Use with high 
number of 
repeats for the 
same order 
Use with 
high number 
of repeats for 
different 
orders 
Use for 
different 
orders/order 
flexibility 
Usage for single 
order or at one 
machine only 
Usage for one or 
some orders at 
several 
machines 
Usage for 
various 
orders/at 
several 
machines 
Reusability 
/Number of 
possible 
regrinding/trea
tment 
Not reusable/no 
regrinding or 
treatment 
possible 
Limited 
reusability, after 
potential 
treatment 
Unlimited 
reusability 
(potential 
treatment) 
Table 3. Morphologic box of the dynamic data. 
Data Specifications 
Residual tool 
life 
Zero or below 
the minimal 
cutting time 
Just above the 
minimal cutting 
time 
Significantly 
higher than 
the minimal 
cutting time 
Residual value Belongs to the 
5% of the tools 
with the highest 
value 
Belongs to the 
15% of the tools 
with the medium 
value 
Belongs to 
the 80% of 
the tools with 
the lowest 
value 
Table 4. Morphologic box of the tracking data. 
Data Specifications 
Current tool 
location 
In or close to the 
centralized 
storage area 
In or close to a 
localized storage 
area 
In the tool 
magazine 
The identified factors can be assigned to three different 
categories, which are: 
Fig. 2: Tool provision cycle with different storage areas
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• Handling/flexibility (diameter, length, weight, current tool 
location) 
• Organizational influences/order flexibility (bound to order, 
availability after current order, frequency of use, use for 
different orders/order flexibility, residual value)
• Technological influences (reusability, number of possible 
regrinding/treatment, residual tool life)
4. Influences on the optimal tool storage strategy 
Determining the optimal tool storage strategy includes two 
decisions: choosing the tool state and choosing the storage area. 
It is proposed that these decisions are made consecutively: first 
choosing the tool state and afterwards the storage area. 
However, in case of a conflict, iterations should be run. In the 
next two sub-chapters, the influences of the previously 
identified factors on the tool state and the storage area are 
analyzed. 
4.1. Influences on the tool state 
In general, the components needed for production are 
delivered and assembled according to the orders. After 
finishing the order, it has to be checked if the tool should be 
stored assembled or disassembled, meaning that the 
components are stored separately. It is assumed that the safety 
stock is always stored disassembled. For the other tools, several 
of the previously identified factors influencing the choice for 
the tool strategy in general influence the decision about the tool 
state, which are the following: 
• Residual tool life 
• Reusability respectively the number of possible regrinding 
of the components 
• Prospective view: need for another order; retrospective 
view: frequency of use 
If the residual tool life equals zero and regrinding is not 
possible, the tool has to be disassembled and the components 
have to be checked and disposed, if needed, individually. If the 
residual tool life is sufficiently higher than zero, the demand 
for that tool has to be checked. Depending on the available data, 
with a prospective view based on the follow-up order or a 
retrospective view based on the frequency of use and the 
worker’s experience it can be determined if the tool should be 
disassembled or not. The procedure is the same for tools where 
the residual tool life equals zero and regrinding is possible 
except for the addition of a treatment process before or after the 
disassembling process. 
The process of determining a good-practice tool state can be 
visualized in a diagram respectively flowchart (see figure 3). 
The start and end of the process is represented by an oval, the 
process itself by a rectangle, the decision by a rhombus and the 
Fig. 3: Flow chart for identifying a good-practice tool state
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arrows represent the flow and connect the other elements. The 
choice for the optimal tool state should be updated each time 
after finishing an order. 
A company should aim for automatizing the identification 
of a good-practice tool state. The required data can be captured 
and processed by various systems such as an Enterprise 
Resource Planning System (ERP), a Manufacturing Execution 
System (MES) or a Tool Data Management System 
(TDM)/Tool Management System (TMS). However, real time 
including the dynamic and the tracking data are frequently not 
included in these systems. Thus, a concept for capturing these 
data is needed when applying the developed approach.  
4.2. Influences on the storage area 
After determining the good-practice tool state, the storage 
area for the components respectively the assembled tools has to 
be identified. Therefore, the influence of the previously defined 
specifications on the three distinguished storage areas 
(centralized storage area respectively tool shop, localized 
storage area and magazine) is assessed. A positive influence is 
marked with a “+”, a negative influence with a “-“ and, if the 
influence is not assessable, it is marked with a “0”. The 
estimations are the result of knowledge acquired through 
various research projects in the field of tool management as 
well as through expert discussions. For the diameter, the weight 
and the length respectively most of the data concerning 
handling/flexibility, no general statement can be made since the 
optimal tool location depends on the transportation equipment 
available and the characteristics of the storage area such as the 
dimensions of the storage shelf.  
Table 5. Assessment of the specifications 
Data Specification Centra-
lized 
storage 
area 
Loca-
lized 
storage 
area 
Maga-
zine 
Bound to 
order 
Bound to order - 0 + 
Not bound to order + 0 - 
Availability 
after 
current 
order 
The same follow-up order 
in sight 
- 0 + 
Another follow-up order 
in sight 
- + 0 
No follow-up order in 
sight 
+ - - 
Frequency 
of use (for 
the same or 
different 
orders) 
Single use or use with 
little number of repeats 
+ 0 - 
Use with high number of 
repeats for the same order 
- 0 + 
Use with high number of 
repeats for different orders 
0 + - 
Use for 
different 
orders/ 
order 
flexibility 
Usage for single order or 
at one machine only 
- 0 + 
Usage for one or some 
orders at several machines 
0 + - 
Usage for various orders/ 
at several 
machines/Standard tool 
+ 0 - 
Reusability Not reusable - - - 
Limited reusability, after 
potential treatment 
+ 0 - 
Unlimited reusability 
(potential treatment) 
0 + + 
Residual 
value 
Belongs to the 5% of the 
tools with the highest 
value 
+ 0 0 
Belongs to the 15% of the 
tools with the medium 
value 
0 + 0 
Belongs to the 80% of the 
tools with the lowest value 
0 0 + 
Residual 
tool life 
Zero or below the minimal 
cutting time 
- - - 
 Just above the minimal 
cutting time 
0 + + 
Significantly higher than 
the minimal cutting time 
0 0 0 
Current 
tool 
location 
In or close to the 
centralized storage area 
+ - - 
In or close to a localized 
storage area 
- + - 
In the tool magazine - - + 
This will be illustrated by a few examples. If a tool is used 
with a high number of repeats for the same order (frequency of 
use), it may be more reasonable to store the tool locally at the 
machine or in the magazine than in a centralized tool shop since 
this may lead to high transportation effort and a lower 
availability at the machine. 
If a tool is bound to an order, it should be in the storage area 
where it is needed for processing. After finishing the process, 
it is possible that the tool is allocated to a new order. In this 
case, it may be possible for the tool to remain in the magazine 
of the machine if the next order is about to start and the capacity 
of the magazine is sufficient. If the capacity is too low, the tool 
can be stored locally at the machine. If another follow-up order 
is in sight, the tool should be brought to the localized storage 
area closest to the next processing step (or already put in the 
magazine if the capacity is sufficient). If no follow-up order is 
in sight, it may be reasonable to store the disassembled tool in 
the centralized tool shop. If no real time data about the 
following orders are available, a retrospective analysis of the 
finished orders is useful to determine the optimal storage area.  
If the tools are only used once or with little number of repeats, 
storing them centrally might be adequate. 
The specifications’ influence on the storage area have to be 
assessed simultaneously to determine the optimal tool location. 
In this context, the influences have to be weighed up against 
each other. If a heavy tool is only needed at one production line 
or one machine, a localized storing may be suitable. However, 
if it is needed at several production lines optimizing the goals 
low inventory and reduction of the transportation effort 
respectively increasing the availability have to be balanced. 
This assessment has to be done for each single tool. Afterwards, 
the same tools have to be grouped and coordinated together. In 
this context, it can be seen, that there are parameters such as the 
number of tools influencing the storage area that can be 
influenced by the company. They are hereafter referred to as 
control parameters.  
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Another important control parameter is the presetting and 
measuring area respectively the number of presetting and 
measuring devices. The advantages of a centralized presetting 
and measuring area are the higher capacity utilization and the 
lower inventory. However, it implies high cycle times and high 
transportation and coordination effort. If presetting and 
measuring in localized areas at various machines, low cycle 
times, low transportation and coordination effort and a short 
reaction time can be achieved but the availability of several 
machines decreases the capacity utilization and increases the 
inventory. 
The optimal tool location should be optimized in real time 
since the dynamic data change continuously. Real time data can 
exemplarily be gathered by using identification technology 
such as RFID. By equipping the components with a unique 
identification code respectively number, they can be tracked 
through the whole process chain. Data captured during the 
process can be allocated to the number. This may result in an 
optimal solution where the tool used does not have to be 
disassembled and brought to the centralized storage area after 
usage and treatment but can directly be used again for another 
order. When optimizing the tool storage area and the tool state, 
the number of tools can be lowered. Additionally, a higher 
availability is guaranteed since the assembling respectively 
disassembling process can sometimes be dropped. 
4. Conclusion 
The current trends in production also increase the 
requirements for tool management. Providing the right tool at 
the right time at low cost in a high quality is crucial for ensuring 
a stable production process. Choosing the optimal storage 
strategy is one necessary aspect to achieve this. For this, a 
systematic approach is needed. The purpose of this paper was 
to lay the foundation for this approach by first identifying 
relevant factors and their specifications influencing the choice 
for the optimal tool state as well as storage area and second by 
assessing the influence.  
The factors identified are classified in static, quasi-static, 
dynamic and tracking data. Furthermore, they can be assigned 
to one of these three groups: handling/flexibility, organizational 
influences/order flexibility or technological influences. 
The influence on the optimal tool storage strategy was 
assessed consecutively in two steps. In a first step, the influence 
on the tool state was analyzed by developing a flow chart. The 
factors influencing the choice for the tool state are the residual 
tool life, the number of possible regrinding of the components 
and the need for another order respectively the frequency of use. 
In the next step, the influence on the tool storage area was 
assessed. Tools which are not bound to an order, are used with 
little number of repeats, for various orders at several machines, 
which have a limited reusability, have a rather high residual 
value and are currently close to the centralized storage area 
should preferably be stored in the centralized storage area. For 
tools with a follow-up order in sight, which are used with a high 
number of repeats for different orders, for one or some orders 
at several machines and with an unlimited reusability the 
localized storage area should preferably be selected for storage. 
Furthermore, a medium residual value, a residual life just above 
the minimal cutting time and if the tool is currently close to a 
localized storage area favors selecting the localized storage 
area. Storing them in the magazine should preferably be chosen 
if the tools are bound to an order, the same follow-up order is 
in sight, they are used with a high number of repeats for the 
same order and mainly for one order or at one machine only. 
Further specifications encouraging selecting the magazine for 
storing are an unlimited reusability, a rather low value, a 
residual tool life just above the minimal cutting time and if the 
tool is currently stored in the tool magazine. 
The specifications’ influence on the storage area have to be 
assessed simultaneously and weighed up against each other to 
determine the optimal tool location. After having built the 
foundation with the analysis in this paper, this should be the 
next step in the systematic approach for deriving an optimal tool 
storage strategy.  
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